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Gene Expression Profiles of Rainbow Trout Oncorhynchus mykiss after
Salinity Challenge

Young Kwang Choi', Heum Gi Park? and Yi Kyung Kim'**
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Euryhaline teleost have extraordinary ability to deal with a wide range of salinity changes. To study the seawater
adaptability of rainbow trout Oncorhynchus mykiss (body weight 638+54 g, length 38.6+2 cm) to salinity increase
fish were transferred from freshwater to 7, 14, 21, 28 and 32 psu and checked for mortality over 5 days. No mortal-
ity was observed in 0-32 psu. In fish transferred to 0-32 psu, blood osmolality was maintained within physiological
range. The changes of serum enzyme activities (aspartate transaminase, AST and alanine transaminase, ALT) showed
no significant level during experimental period. To explore the underlying molecular physiology of gill and kid-
ney responsible for body fluid regulation, we measured mRNA expression of five genes, Na*/K*/2ClI cotransporterl
(NKCCT1), aquaporin3 (AQP3), cystic fibrosis transmembrane conductance regulator (CFTR), glucocorticoid recep-
tor (GR) and growth hormone receptor (GHR) in response to salt stress. Based on our result, rainbow trout could
tolerate gradual transfer up to 32 psu for 5 days without mortality under physiological stress. This study suggests to
alleviate osmotic stress to fish, a gradually acclimation to increasing salinity is recommended.

Keywords: Oncorhynchus mykiss, Salinity, Osmolality, Body fluid regulation, Salt responsive gene

N OE (water balance)2 E 2= 9tk S50 SAE Ao A A A8
= ol obrbul, 4 el Ao ] B4 S o

A% (salinity) = BE FAYBO] A4 WIS AL FR 20| o 25 o) Aole] FFo] 42152 lrk(Marshall
3t @ ¢lo]t}(Kolar and Lodge 2002). =077 AL & and Grosell, 2005; Kaneko and Hiroi, 2008).

9 9517 el A B stol ntet Aol 22 (body fluid S840 A o] Fo] A EHL Eo) thake] Bo| 9-91E 1
regulation)& fA|8h= Z1o] FpAolek A4 A4S 114 ]%Ol SHEER o5 tiAs] A AFolM = F2 e
a2 9] 28l 99102 AHESK osmotic pressure) 3.0 A} (diluted urine)Z FH5o] v &3} ofr}u] Alu] 2 A& E3f o]
B E(osmolality) S 5 4 St o 2 B/ MY 28 Tk @, WK el WA Hk sitolfi
ol g2 9o] FIzof o3l A7 H thKaneko and Hiroi, 2008). A ThFo] HIGHE-S F9late] £AEL 488 X 43S Mar-
o] =9 o]l oL HL7|AEA O 90%E 2}A|5l= Na* ¥ shall and Grosell, 2005). & E4= & o] SukH o] 2173 o]
CI7} Qlom, AHEQted Thgol A % oleo] 528 28st A Fax ozt AoiroldA] PAsh Tash ARYR 9
Lol - Fasith B2 09 202 4B FYRE g4 2EAQ Bolo] Uoldrh(Aoki et al, 2003; Kim et
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al., 2008).
FEH AR AAUZE 7P e Bl
J

AR H3lsh=s GRS}l A5} HOH 34 l%
At =N g Hato] 253kt o
ARSI Agot FAA A ok 7i°l z2ol
tH(McCormick, 2001; Takei and McCormick, 2013; Takei et
al, 2014). YE LTI Z7bEe® Hah i) ARE 2% (growth
hormone), insulin-like growth factor % cortisol && %2 &
7he] AL, o] 3t 52 o177t sl A S5k g olA S ast
A5k gttt £3], cortisol A|&5A4 &2 (slow-acting
hormone) & & o7} 2o EAf otz o] A HFAE
(chloride cell)®] FE|E FrFolA sird oz 235 £2
Al7]3L, Na'/K*-ATPase (NAK) 2 cystic fibrosis transmem-
brane conductance regulator (CFTR)Z} -2 Q8 0] 2447
O] g W HARE =] TtsHAl frE o] 9] HiE2 S7HA
ZIth(McCormick, 2001; Takei and McCormick, 2013; Taka-
hashi and Sakamoto, 2013). @72 B38| FH A o2 o7t
cortisol< glucocorticoid receptor (GR)2} AgtslH E3AIE
GAgstol o7 tALE Fal ool AhpA S 5 RS A
ﬂE}(Stocco etal., 2005).

ZAZolFe= AN U o] §FAFA (internal osmotic and ionic
homeosta51s) S2]517] Y8l Bk o)1 A A A el AEZRAE
uﬂﬂl/] 7};]*7 olon:] O]E o] OH/"] x% 14 o= /\Ha]z‘sl-/‘a
716< & 4 Qth(Evan etal., 2005; Hwang and Lee, 2007). ¢}
0] 7 AR obhal, Aol A e] B 4
& chopet o] A Ik T} E A5 0] ] ofsA o] %
o A, o] 2{ gt o] 2 ek 2 of 9Hdut Edofl= A4St of
U R|7} AR e cR(Singer and Ballantyne, 2002). 3t 0157-9]
2 AL 7V A1RAR) ke 2 AR Take
YAE(FZE glucose) Al 5= F25Ho]th(Tseng and
Hwang, 2008; Zhang etal., 2017). @Yot Ao g2 Hu|g]

L 5EE 28 2HARE Folo] ol lBEe) AR
Ho| o] ZojX}t, T2 EL A NS 2 Hd= 523t systemic
regulator2 4] 7JZ o]ttt thEA] 28Rtk & ol A=
E3} o] 2 o]z xAof oid= QA= A Na/K'/2CI cotrans-
porter 1 (NKCC1), aquaporin3 (AQP3) ¥ CFTR gene<, 4F
ExAo| Bosh= Al QIRF2 A& glucocorticoid receptor
(GR)1} growth hormone receptor (GHR) genes A1 314t}

2] 7]j<50] (rainbow trout Oncorhynchus mykiss)= @2
Aol 3ol ] AehriA] o] 2oj7l i 52 lolat ol R2A

U o] ofAlZolr}, AHEolz AL L 8183} o] 2 3
SPAPIUE Bt E AR P 2 . A

3 = GAFORAIZLO] H O o= OFAlo|
WE A7} s, Selitel AgolAe)
R4 7 RS thele] el e 8 Bl
4 9ltk 2 Ao A RA ol 7} w17k

(5] HAA Fruste] BE G B B
AR AU 2] Bt SRR WatE Fote] &
LA
s}

)

%MP OF EP ol o1v4 AN 24 At

Ad ol 2 ARH FA S il d

ofl A Fdstelon, Ade et sfofutstus
(Gangneung, Korea)ol| 4] A A| 53T alj4=<=2] A3 ol A&
EA NS0l (HF E o], 638+54 g, 38.6+2 cm)= G54
FAYE $2(7.58) R AL dlee] A A
2 FYgt iEOﬂH UFU H-SA A AuAE S &
sko] ¢F% MIL < HAES S H%ﬂ 24
sho] tha& H714 %ﬂ.—“%%}i A o5}t v
S 1Y 7HA 0 & 45 H7}sto] %%Z:éi%}%i&ﬂ%,

=
A(YSI 58; YSI Inc., Yellow Springs, OH, USA)= =73}

Shpoh Hho] W &2 2 sto] vhel 7 psull AESEE AL
ATk 2] 244170 AR ol FF-E FUSH 8
2 Y7718 ol g3te] 13103COR FATHON, §EALE

ok W 7-8 mg L] 87 240 Aslt,

27|75 AR0] JE T 7, 14, 21, 28, 32 psuoll &
= A oA 24417 A & Ao A 0.1% 2-phenoloxy-
ethanol (Sigma, St. Louis MO, USA)Z o|-&35}to] LR 714
oN=3)2 vhHIAZ] F AT AFL S dokel A
A3 L AR AR P ol e
B gHg sl Y41E2](6,000 g for 10 min at 4°C)eF &
RS Bjslo] B4l A71A] 1.5 mL tubeo] £3=5}0] -80°C

o] RSt EHEAGELS AEQL AST (aspartate ami-
notransferase)/ALT (alanine aminotransferase), %4 A5
=451, AFFEUA=A-2 vapor-pressure osmometer (5520
Wescor Inc., Logan, UT, USA), S HEAS 2} = H5|HE A
7](Fujidry-chem 4000i; Fujifilm Co., Tokyo, Japan)Z ©|-&35}
SERETE

HEXE FHA 2 24

QRIS whE 2R hole] ol A Ehul At Aol 27
HIAUZS ola|2 3l7] SlaAl ofrful, 2k S Hzelo]
total RNAR-2] & A A]8}4 . RNAiso Reagent (Takara Bio,
Shiga, Japan)< ©]-8-3}¢] total RNAE &5} 1L, Nanodrop
ND-2000 (Thermo Scientific, Waltham, MA, USA) 335
TAE A}g5to] RNAES Aeks+9it}. RNeasy Plus Mini Kit
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(Qiagen, Hilden, Germany)%} RNase-free DNase set (Qiagen)
& olgelo] 27145l AAAUE eIk DNATALS
PrimeScript RT reagent kit (Takara, Kyoto, Japan)= A-8-5F
o] AlzxALe] uiirol wl RNA AL ¥ a9t
PEHSlo| w2 [ARLe] AeFEAS Y84 Thermal Cy-
cler Dice™ real-time PCR system (Takara)2} SYBR premix
ExTaq Il Kit (Takara)2 A8}t PCRE 4=33}7] 9fst
primer % 1= Table 10f] YEY AT} th 2= AR&-3F house-
keeping gene-=- elongation factor 1 (EF1)©]$] .1, real-time
PCR 272 %7] WA 22 95°C 30x7F 1 cycle, ©]o]A] 95°C
oAl 5%, 60°Col|A] 3025 45 cyclesZ 5T AR
Al A3}= Livak (2-42¢T) B4 (Livak and Schmittgen, 2001)
of w}e} ek et

%7|‘=|A'I

[t |

Al A= mean+tstandard error (SEM)E UERHS
SPSS 25.0 software (SAS Inc., Cary, NC, USA)Z o|-8-35}o
one-way ANOVA Y Tukey testsE A A|5Fo] 5-2]4(P<0.05)
= A5kt

o s
2 9 ma

A= 5l0)| M2 AMEQH Ol S{oHAIS|EHA

T'__ — OTH X 2710

=X

[¢)
3= 7H = 2 OPOPEP S-S HRA dE wgkz <l
3 A1 of AR 42212 7 psu ol At R Tk -
Q1 Aolg B o, dwel ool uhe fol el
As WA %—#‘ikEHFlg. D). dHste] whE A7
o dAgetetA 4] Wgh= Table 201 YEIH. 3=

o159 A AEY AL T W B BN s of

l‘

Tablel. Oligonucleotide primers in this study

400
390
380 l ab

| ab ab

350

340
330

Osmolality (mOsm/kg)

310
300

290 1 1 1
0 7 14 21 28 32

Salinity (psu)

Fig. 1. Blood osmolality in rainbow trout Oncorhynchus mykiss
transferred from 0, 7, 14, 21 and 32 psu.

13 J& 2 A =, op7hu], A%}, A 22 o) A 9] FREA <l o]
© 98 24 oo AR o]zolAick U4 o1F<l fugy
Takifugu rubripesE 3453t 25, 50, 75, 100% 3f+=2 o]
NS W A} 1A giston, Hel HRere) )
+ B4t 370 mOsnvkg-H 0091 01, JE87 =7k 743
of wpe} Rolxl= ke UEh Atk (Lee et al 2005). +=

TollA = 5YEet dEHsto] uhE AR EHi%LOHH
331 mOsmv/kg-H,O, 7 psucl|A] 371 mOsm/kg-H,0, 32 psuc|
A= 355 mOsm/kg H,02] =25 LEh ¢lom, o] = fuguol
Ao} upR7lA &= A skA dRARA MEUo)A S E 1) &
Qﬂ/\gg.oba H Hﬁj,]_ 7]— EH Z]J_JL_O] AST~ KH_I_?-(O psu)oﬂ
A1 3823+ 120014 7 psuz=Aof| 4] 462.3+70.7 U/LL.2 Z7}
Sh= A B o, 100% sl Ao A= 388.6+57.5 U/

Genes Primers Sequences (5°-3")
AQP3 qOM_AQP3_FW1 TCCACCTTTGGGGTGATAGT
qOM_AQP3_RV1 TCTCTTCCTTTAGGGCATCC
CFTR gOM_CFTR_FW1 TAAGGAGGCCCGGATTAACT
qOM_CFTR_RV1 TCCTTGCCTCCTCAACCATA
EF1a qOM_EF1a_1F CTGCCGTTAAGGCTGGTAAA
gOM_EF1a_1R CTGCGTTGGGTTCTTTTCCT
GHR gOM_GHR_FW1 CAAGATGTTGACTCCCAGCA
qOM_GHR_RV1 GCCTCCTGGGATGTGTTTTT
SLC12A2 qOM_SLC12A2_FW1 GGTAGAAACCGTAGCCATTG
qOM_SLC12A2_RV1 GATGCTTTCAAGCCAGAGGA
GR qOM _GR_FW AGAAGCCTGTTTTTGGCCTGTA

qOM_GR_RV

AGATGAGCTCGACATCCCTGAT
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O 8 BN 202 IREh ALTY 9% o|et fAFsH
A P2, 11.6 132004 7 psuRzoA] 14+1.7 ULLE &
7¥el= A BAo 100% =2 AoA+= 8.3+0.5 UL
B 45k th(Table 2). olH A 08 ARG-El= 2 d A (tri-
glyceride)ol| A &= -9 4 %1 7ok UebubA] ghskeh. dawist
of| whE o] F-2] FolA |t kg2 o] Fof wet Eepxict. 2
&o]o] A2 AST W ALTE 10 psu 270l A YA A 072 2HA]
o] S7FATHF 297(20 psuyiE T Ao 2 7Hasst
o QFYshE]= S LERGTth(Hong et al., 2004). E2ho]ut
=9 7foll= SR QlsiA @4 AST =27} f2j& o
2 Z7ME At B a7t 9lti(Wickes and Morgan 1976; Oh
etal,2014).

HEHSHA| o = AU o] HF of] Exto] of7| o] gt
AEY A A B AL, AU S FAI8H] S8l B ol
A& 443} "ok(Singer and Ballantyne, 2002). o] =ARS:
PAoh= Bh F 59l ASTRFALTE gift-2o] L 5-72] 7H
A3z, o Foll A= 1tk vl Azl Eol EE8}aL Qlrt o] &
A A Aol A a7 GEEHAI AEY A WA H
H Alzzo] o7 dojuf o 2 J A7 iEE o] FHofA
A7} oIkl G A Qo whebA 775 AAF A EE
tsh=t] wol o] 11 Itk Smith and Romas, 1980). = A1
HollAl= 5U5et] TAA QI HEHshst HAL LAY EHA|
ko™, ASTOF ALTZ HI 523 N g 2fsha] A=
O Ql M5 ¥ =] gkt o3t AXHE H| ol & o
Tl Al AR FA]7HE01(500-600 g) 5 T |7Fo|H A A %14
O 2 5UFU AREE LTI AL ol 7Y AEYAE S

ut

oJHA = a2l S| W ol2tal ke T
QT Y 24

g2 Hatof E oprto|, AIF H 7He] AQP3, NKCC1 &
CFTR mRNAZS| Hz}

Q0] S7F31o] nfe} B3} o] & o2 ol Tofshiz 1A}
AQP3, NKCCI 2 CFTR mRNA?®] 2H10pAre. 2 2o whe}
ChFSHA e tH(Fig. 2). ob7m| 220l A= 14, 28, 32 psu
Aol A B2t 0 psuoll vl oF 38l =2 A5 UEHY
¢l o™, NKCC1 mRNAE 7 psuol| Al 453+ 21, 14 psuo]

Aol A ok vl mto] Gol2el Wiske ek ergk
t}. CFTR mRNAE= tj 2Rt =8 JEx72l 14, 28, 32
psu 2704 F-o]H o7 FTskgIh AR A o A= AQP3
mRNA &GS 275 A9t B dis® oA
e fojHor e 35 UEhllen, NKCCI
mRNA H3h= = s ol A 2124121 Zpol& et
UA] 29tk CFTR mRNAL 32 psuoll A djzFE ot 0]
02 =20 =215 et 7tRZ o A= t2Tte} vl sk
of g0l el WstE LepA] ekslri(Fig 2)

Sherol i TrtaA SUE ol eg MEs] HalA a
7b AxAS Bl E¢t 1710l& F9= NAK 9 V-H'-
ATPase] &3] &ojutil(Loretz, 1995; Grosell, 2011), S44
O AR A TRl Aol A SR 7 A] 2 g o]
T EE = AQP #ALof| 93] F 2] el Eolso] Pofit
tH(Kim et al., 2008). ghd o}7}a] Ajazof| 4] dojub= Na', CI
E4 52 vj&2-8-2 NAK, NKCC 2 Na'/Cl™ cotransporter
(NCC), Al 7119] o] ka2 7ko] Fed 2] Ql A|of &fsfiA o] F
o1z th(Delpire and Mount, 2002; Grosell, 2011). 3370 A]
= 21]g NKCC19} &3 NKCC22l.2 ¥|a1, NKCC1&
Fu) g Alu] A 2] 7| Autol Bxs}i, NKCC2E 72 AFsizh
A2z (thick ascending limb cell)2] Z}-3- YH(apical membrane)
ol A EAste] FE2 & Na', CI 9 K* o] o] 5o it
t}. op7u| 22 f EAste ARAlZE g oAl o] Fo]
A= NaClg+2H-8(H%)= slil+d, NaClHj&= Agksto]
0] 23 & (NaCl homeostasis)Z -A|gFcH(Marshall, 2003). o}
7l 22 A543 (mitochondria-rich cell)of] 2$F NaCl&H]
7148 (1) NKCC1 cotransportero]] 23} 7] A2 £35t Cl &
71 S0 a1, (2)s42 ©]FA] NKCCl cotransporters &
3l - CI- AJ229] apical F-9]ol $1213FCI A'd ¢l CFTR
= ol i) o= viEHrh disert STl whet of
224& Jdsh= CFTR, NKCC1 9 NAK 54219} FFAl
9] 4274 7}0] w}e} NaCIEu| 714 0] Zahs) e Marchall,
2003). 2 Q1O A= 100% sh-oll e R Aol of 7}
1] Z2]o] 4] CFTR mRNA 2 o] thzto] H]sjA] oF 417
T w2 Aor gelEglon oo Hks NKCCIEE g2 tf
S F ARk B8 MRk o= W H O = 7 psu 17k Al

Table 2. The effect of salinity on hematological parameters in rainbow trout Oncorhynchus mykiss

Salinity (psu) weight () Length (cm)  AST (U/L) ALT (UL) GLU (mg/dL) TG (mg/dL) TCHO (mg/dL) TP (mg/dL)
0 652151 4013 382+120° 11.6+3° 97132 5.4+0.1° 285+17%® 415.6+1462
7 659181 3743 462+70° 14+1> 65+72 410.5° 2074362 258+26°

14 653148 3613 371+1062 10.6x 120 101+£26% 4.840.3% 286131 299+642

21 546142 3841 3244272 10.641%° 86115%® 4.4+0% 283158 29911442
28 682+51 3941 317492 8.3+0° 791420 4.3£0.2% 246124 287+39°

32 619151 401 3881572 8.3x02 107+10° 5.1+0.5% 344461° 2434102

AST, aspartate transaminase; ALT, alanine transaminase; GLU, glucose; TG, triglyceride; TCHO, total cholesterol; TP, total protein.
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Fig. 2. The changes in the gene expressions profiles for Na'/K*/2Cl cotransporter] (NKCC1), aquaporin3 (AQP3) and cystic fibrosis trans-
membrane conductance regulator (CFTR) in gill, kidney and liver of rainbow trout Oncorhynchus mykiss transferred from 0, 7, 14, 21 and
32 psu, as assessed by real-time PCR. Mean+SDs with different letters are significantly different based on ANOVA followed by Turkey tests.

o 1o

A]

2 fo iy &

=0

3T

sarte o] i) £

oJ7o] AJolg Ro|A] eafr. ol
57t 57 ol whet ofrbu] of Al oA CI #u] 7} gt
, NaCl =% 3l NKCCI19& o] ZFAErt= A2 7]
A2} FAFSFS TH(Katoh and Kaneko, 2003). o}7}a] 2]
AQP3 mRNA+= NKCC13} CFTR mRNA9] H|3l| €535}
A SS LR AT tizofl HIsl 14, 28, 32 psu

TN o A 5 FAE UERE e,
A ARAIEEY] 71A moﬂ FIAIRE AQP3 FAHY] 5211
olgo] GUsHA o]FofA= Ae W= Itk Mozambique
tilapia Oreochromis mossambicus AQP3EHH 2.0 1 2 A| £ 9]

7] A 2f(basolateral membrane)of] FF2A o2 QJx|slal Q1o

HSE —1—
™, AQP3 EA7} AFA|3Lof 2]t osmoreception®] o3}l
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Fig. 3. Differential modulations of growth hormone receptor (GHR) and glucocorticoid receptor (GR) in gill, kidney and liver of rainbow

trout Oncorhynchus mykiss transferred from 0, 7, 14, 21 and 32 psu, as assessed by real-time PCR. Mean+SDs with same letters are not

significantly different based on ANOVA followed by Duncan’s multiple range tests.

24 thH(Watanabe et al., 2005). 0= & Slof| what GFA| £ 2]
tubular system 2] 15221 %43 (infolding)ol| 13l A|2£2] 7]4]
2 3ol WAEEE 32 o] A|a F3(cell volume)?] H
2 i A2 E T =2 HAZ - FA)E 2] osmosensitivity
A 9] 7s A = of| &5 ¢ th(Watanabe et al., 2005). oF7}a| %=
10 587} ol LLE] 0] YET we] slsol 4 A%l
e Ao R, B8 AR 27} o &8 HjETHs o3

2 3ttH(Evans et al., 1999, 2005; Nebel et al., 2005). 1 ¢15L0]|

A A A I of7frof vs HREA o= w o)
o] WA EelE]glom, FolFol ¥ofsl= AQP3 e Wt
gL ol vl FE=7F STl whet Aasskelch Al
o] AREA| o ZH&(gloemrular rate, GFR)-S Al4ko] [ R0t
MESHA Aelg= 9| FZ 7Hef Itk ARLA| o285 of
Fof whet th2n, 53] sfro] Hrh garojof A 7-10H] =2 A
© 2 A4 A QItH(Engelund and Madsen, 2011). F-2] 7401 9]
785, Hroll A= vIZE 9] 50% o5kt of aAk-g-5 UEh AL,
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Sl A= oF 5% H= Zragith o] & AtollA AQP3
mRNA9| BH o] gap(t =)oM= &2 A& Holvprt
<2 o] 5= A rAdh= ool FtE vl & 4= Qlrt of
7o TtxA oA B AR A R-02 Q1 HE Aol
ehi] glgiet.

ol ol7bn] zalo] ARAIELE Uiu|e} 7340k Al
ol @A siE oz 7|54 w237 7] autonomous
mechanisms 741 Ql&= Aoz A4 Qlth(Shiraishi et
al., 2001). & Aol A<= tilapia®} o], oF7hv] 22| Al
O] 7| A ute] ofsf A5 2FetE o FEHart A o
FAIZZE oA slg o= HehE 1, AQP37E APEA o
2 55575 s o] Rl A AL Jlrkal wElth Watanabe
et al., 2005). Killifish Fundulus heteroclitus®] opercular epi-
thelium 74 322] 7] A epo]| 4] AHFQPHERE A5t CI &
Bl PS vl Th(Zadunaisky et al., 1995). A 700
A ditrsto] wet Ad5Ei= ob7ti] CFTR U@ wo] of 2t
Pale SlelatT Uk w17k Qe vlol ohe A g
2 317] 9Ja4 obrtu] ZHo|Aq it oLz Ho] Ao
501431 glehe AHLS 21t
& H310| 2 GHR mRNA % GR mRNAZS| H3}

¢ £313}0] w2 o /b, 413, 21l A1 9] GR receptor % GHR
mRNAS| 3l WekE 2ASIgIe). obhul 2 2ol Al GHR
mRNAE 14 psu7-7tol| Al eF 28l 743141 2™, GR mRNA
WL 7l A WEE, 122491 Hake 2e1EA|
3t} Coho salmon Oncorhynchus isutch (Shrimpton, 1996)
3} atlantic salmon Salmo salar (Shrimpton and McCormick,
1998)2] 7%, all<=<=2] 53k, GR mRNA & o] 7h4a= g1,
brown trout Salvelinus fontinalisS |50l ==A] GR$7} 7+
23}l B 18} tH(Weisbart et al., 1987). & ¢Loj| 4] A%+
GHR mRNA I -2 tjz=+-of| H]al] 14 psut-7tofl Al A58t
o7} 21, 28 psudfl Al 24 o2 7F4d14 2™, GR mRNA g
A 21 9l 32 psuoi|A] tfjz7of| H]sf| 8.47wl )& o= 7}
sHck ZFx2] o A= GR mRNA #& o] 453 &9kon
28 psu 7o A g 2tETE 8.224) 2 A5 Btk AE
| A 2 of] =0]A| =™ corticosteroid hormones?! cortisol-2
GRZ &5to] Udlo] wjrfEo] 22| T2t 30| o]Foix]
T} AE AR Ql5te] F7FsE % cortisol> GRA-4AF &
2 245k, 0|2 GR §AAHE A1, ug, obb], Algel
A F2 e E k= 7 o g2 A A QltH(Vazzana et al., 2010).
Killifishe] 7%, GRS} A cortisol activationz 215}
A op7hu] 22]9] CFTR mRNA a2 4550, CL &S
ghaka 2 th(Shaw et al., 2007). o] & A7) Ao} A}
7ok HeEbli, ol2fRt Al AIA Q] fdAte] HE ez QlsA
FANE017} 5UEee] XA Hiwstel HANA glo] 2
A-gotirkar S| Qlek. dAgsetA] 1A Aol o] 11
2] & uf & Ao A o] FA 7ol o FAA Htish= A

i
i

~

]

A J FA {5 HlojUA| Y= HRAEd 207 =
st o, AEH AL HAE A= =4 skt 1Y
GEZ77T A== 53 HANAl= SRl A] &F
Yot o= & Aol A 500-600 g 2| 701 of] 285 al=5=
2| o] mgAolgta ARt o]3 HAA SAYHS
100-150 g 7HAof] 288192 wf HAP A o] =27t L=
Ao, sl FAALA Bl A 7 F29) Bt vl H A
7} 223519 tHunpublished data). & Q71 Z7E vjglo & A
TR TG0 Bl HAFAHS S-st] Hall cherst
A7), L& Y ARSFA RS HESH= FT7HE A7 2
Q3707 AbmE

AL AL
o] A= AN THEA (20208 %) D A3 (T}el7|4

BEAR)O| AU R FATAGE] A ol sl
T%(2020R1F1A1060772).

2 oxl
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